The nitrate reductase gene (niaD) is the most frequently utilized as a selectable marker for homologous integration at the niaD locus of Aspergillus oryzae. In this study we developed a method for curing of the niaD-based plasmid integrated on the A. oryzae genome. Positive selection using a modified chlorate medium containing leucine as a nitrogen source enabled efficient isolation of the strains deficient in nitrate assimilation from the niaD þ transformant. PCR analysis of the strains confirmed that the homologously integrated plasmid carrying the h2b-egfp fusion gene was cured by intrachromosomal recombination which was accompanied by the loss of the EGFP-fluorescence.
Aspergillus oryzae, a filamentous fungus playing a pivotal role in Japanese food fermentation, is one of the favored hosts for heterologous protein production. Recently, a genome sequencing project using the A. oryzae RIB40 strain has allowed molecular genetic analysis on all the genes existing in A. oryzae.
1)
The orotidine-5 0 -phosphate decarboxylase gene (URA3 and pyrG in Saccharomyces cerevisiae and Aspergillus nidulans, respectively) is one of the most convenient selectable markers in molecular genetic analysis of fungi because the technique for curing of the marker plasmid by positive selection with 5-fluoroorotic acid enables gene replacement, which introduces mutations at the target gene. 2, 3) Previously, curing of this marker plasmid was performed to breed general hosts for protein production from the overproducing mutants that were isolated by exogenous expression of the heterologous protein as a reporter in Aspergillus niger.
4)
On the other hand, such a method for curing of a marker plasmid by positive selection has not yet been developed in A. oryzae.
In transformation of the hosts derived from the A. oryzae RIB40 strain, the niaD gene encoding nitrate reductase is one of the most frequently used markers. 5) niaD À mutants can be isolated by positive selection using chlorate, a nitrate analog, which is metabolized into a cytotoxic compound by the nitrate assimilation pathway. 6) In this study we developed a modified method of positive selection for curing of the integrated niaD-based plasmid.
The strategy for curing of the niaD-based plasmid homologously integrated at the niaD locus is shown in Fig. 1 . In order easily to distinguish the strain after curing, the h2b-egfp fusion gene, whose expression labels nuclei with EGFP-fluorescence, was utilized as a reporter. 7) In the NHG10 strain, a transformant of the niaD300 parent strain (niaD À ) derived from the RIB40 strain, a single copy of the niaD-based plasmid containing the h2b-egfp fusion gene was integrated homologously at the niaD locus (Fig. 1) , and this was confirmed by Southern analysis (data not shown). This generated a duplication of the niaD gene with one wildtype and one mutant allele (Fig. 1) . H2B-EGFP fluorescence in the nuclei enabled us to verify the presence of the integrated plasmid in the NHG10 strain (Fig. 2B) . We presumed that only niaD À strains could grow on the modified chlorate medium by curing of the niaD-based plasmid from the genome by intrachromosomal recombination ( Fig. 1 ). If so, this would result in a reversal of the NHG10 strain to niaD À and a consequent loss of the h2b-egfp fusion gene, causing the abolition of EGFPfluorescence in the nuclei.
We first performed positive selection using the chlorate Czapek-Dox (CD) medium containing 470 mM KClO 3 and 10 mM glutamate as a nitrogen source according to the previous report. 6) However, because the growth of the NHG10 strain was not completely blocked, we could not isolate any cured strains.
In A. nidulans, AreA is a general transcription factor required for efficient expression of the genes (e.g. niaD) involved in utilization of varied sources of nitrogen. 8) Since it has been reported that glutamate as a nitrogen source shows an approximately 3-fold higher ratio of areA mRNA degradation than leucine, 9) we developed a modified medium containing leucine instead of glutamate for efficient expression of the niaD gene. On the modified chlorate CD medium (10 mM leucine, 0.2% y To whom correspondence should be addressed. Fax: +81-3-5841-8033; E-mail: akitamo@mail.ecc.u-tokyo.ac.jp (Fig. 2B) were spread on each plate of the modified chlorate CD agar medium. We isolated 1-2 positive colonies per 10 6 conidia by the modified positive selection. Sixteen spontaneous chlorate-resistant strains (designated NHG-cured1$16; Fig. 2A , Modified chlorate CD) were isolated and verified for their inability to assimilate nitrate as a nitrogen source. As a result, all the NHG-cured strains grew on the medium containing nitrite but not on that containing nitrate as a nitrogen source ( Fig. 2A , CD (NO 2 À ) and CD (NO 3 À )), revealing that they were deficient in nitrate assimilation. The strains retained the ability of hypoxanthine assimilation (data not shown), which eliminated the possibility of defects in biosynthesis of molybdenum co-factor, which is necessary for nitrate reductase activity. 6) Upon microscopic observation, no EGFP-fluorescence was detected in the nuclei of any of the NHG-cured strains (Fig. 2B) . This suggests the loss of the h2b-egfp fusion gene along with the niaD-based plasmid by positive selection.
In order to verify the absence of the niaD-based plasmid in the NHG-cured strains due to the curing by positive selection, the respective genomic DNAs were subjected to PCR analysis using the four primers designed based on the nucleotide sequences of the niaD and egfp genes ( (Fig. 3B, lane 1) represented the original niaD locus in the niaD300 parent strain. Single-copy integration of the niaD-based plasmid at the niaD locus generated a 14.4 kb fragment in the NHG10 strain (lane 2). Curing of the niaD-based plasmid by intrachromosomal recombination resulted in re-amplification of a 5.4 kb fragment in the NHG-cured strains (lanes 3 and 4) , revealing the same niaD locus as the niaD300 parent strain. Correspondingly, by PCR using the two primer combinations (niaDup-F and egfp-R, egfp-F and niaDdown-R; Fig. 3A ) and the NHG10 genomic DNA as a template, the expected sizes of fragments were amplified (Fig. 3B , lanes 5 and 6; 6.8 kb and 8.8 kb, respectively) whereas no signals were detected in the NHG-cured strains (lanes 7 and 8) owing to the loss of the h2b-egfp fusion gene from the niaD locus. These results confirmed that the niaD-based plasmid was cured by the positive selection creating the NHG-cured strains.
This report is the first example of curing of the niaDbased plasmid by positive selection in A. oryzae. Use of the modified chlorate medium containing leucine as a nitrogen source could also be effective in the positive selection for isolating the niaD À mutants from other Aspergilli. By this method the niaD-based plasmid was easily cured from the mutant with a reduced number of nuclei in conidia derived from the NHG10 strain (Ishi et al., unpublished results). Hence, our methodology could be exploited to breed general hosts for protein production from overproducing mutants that express a secretory protein fused with EGFP as an exogenous reporter. . PCR experiments were performed using LA Taq DNA polymerase (TaKaRa, Kyoto, Japan).
